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diphenyldianiline (MDA) inurinesof exposedworkers.Biologicalmonitoringwas done for itsmetaboliteby the
analysisof isocyanate–deriveddiamines released fromprotein adducts inurineorplasmabyGC–MS. Theurine
samples,attheendofworkingshiftsofpolyurethanefactory,werecollectedinpolystyrenebottlescontaining10g
citricacid,andstoredat4°Cuntilanalysis.ThemeanconcentrationvaluesofMDA in the fiveselected factories






















Metabolites of isocyanate are known as biomarkers of
exposureto isocyanates(Brorsonetal.,1990;Daleneetal.,1990;
Daleneet al.,1994;Brunmarket al.,1995; Skarping andDalene,






has a faint odor (NIOSH, 2005). Sampling and measuring
diisocyanates in urine or blood plasma is called “biomonitoring”
(NIOSH, 2005). As a result of well–conducted biomonitoring
studies, Brunmark et al. (1995) have obtained a picture of the
amount of a MDI actually absorbed into human body. In the
currentstudyMDA isreportedas“μmol/molcreatinine” inurine.
Its concentration inurine sample above 1.0μmol/mol creatinine
indicates that theworker isexposed toMDI in thepolyurethane
factory(Brownetal.,1984;Williamsetal.,1999).

The isocynates can induce cancer risk in animals but the





Rosenberg et al. (2002) evaluated the use of MDA as a
biomarker to assess human exposure to MDI aerosol. Those
researchers found thaturinaryMDA canassessacute respiratory
exposuretoMDIaerosol,butmayhavelimiteduseasabiomarker
ofexposure in theworkplace.Williamsetal. (1999) introduceda
methodforthemeasurementofametaboliteofMDIanduseditto
assesstheexposureofsprayersemployed inmotorvehiclerepair
shops. They concluded that biologicalmonitoring can provide a





air and the corresponding biomarker concentration of total TDA
(2,4– and 2,6–TDA) in hydrolyzed urine. They reported strong
correlation between the two (R2=0.816). Reeb–Whitaker et al.
(2012)reportedthatshort–termexposure level (STELs) isharmful
for exposedworkers and personal respiratory equipments (PRE)
areneededtoprotecttheworkers.

In the current study, biomonitoring assessment was
performedonselectedexposedworkersoutthe500workers.Fifty
exposed workers were selected for this research. The selection
criterions in biomonitoring assessment were: (i) workers were
exposed to thediisocyanate, (ii)exposurewasassessedbasedon
NIOSH (1994) guidelines, and (iii) biological monitoring was
included.Theaimofthisstudywastofindarelationshipbetween








In thiswork,50exposedworkers (in an age rangeof20–50
years)from5factorieswereselectedandtheyparticipatedinthis
study. Their urine samples were collected and analyzed for the
presence ofMDA using the analyticalmethod byWilliams et al.
(1999).SamplesweregroupedasM1,M2,M3,M4andM5on the
basisof5factoriestheywerecollectedfrom.Thestudyperiodwas
from November 2011 to September 2012 and was non–
continuous. Subjects provided urine samples on the day of
working, at theendof the shiftday (it repeated three times for
accuracy inmeasurements). They recorded the amount of time
spentforworking.Duetotheshorthalflife(about1.5–3h)ofMDA
inurine,sampleswerecollectedat theendof theshift todetect
anyshort–termexposureaswellasanestimationofthe8htime
weightedaverageexposure (Brownetal.,1984).Workers tooka
shower and changed their clothes and then gave their urine
samples in the factory’smedical service center.All sampleswere






where six stepswere involved: collection, derivatization, sample
preparation,separation, identification,andquantification (NIOSH,
1994). A generalized isocyanate sampler (mini personal sampler













Analytical procedure. Water was purified through a Millipore
Milli–Q system. An aliquot of HpDA solution (internal standard)
wasadded to thesampleurine (2mL).Concentratedsulfuricacid
(200ʅL) was then added. Samples were mixed thoroughly and
then hydrolyzed at 100°C for 90 minutes. Samples were then
cooled and 2mL sodium hydroxide solution (10M)was added.
After hydrolysis, 4mL diethyl etherwas added and the samples
wereextracted for20minutes,and thencentrifuged.About3mL
of the organic layerwas transferred and evaporated to dryness
under a stream of nitrogen. Sampleswere then reconstituted in
500ʅLtolueneandderivatizedwith50ʅLHFBAat55°Cfor1hour.
Sampleswere then cooled, evaporated to dryness, and reconstiͲ
tutedin100ʅltoluene.ThesampleswereanalyzedbyGC–MSwith




fused silica capillary column (1ʅm film thickness). The oven
temperaturewas ramped from150°C (initiallyheld for1minute)
to 280°C at 10°C/min where it was held for 1.5minutes. The
interface temperature was 280°C and the source was held at
200°C.With selected ionmonitoring, ionmass/charge ratiowas
monitoredforMDA.

The concentration of MDA is reported as “μmol/mol




















where n is the required sample size, N is the total number of
subjects for samplingorworkers and S is the standarddeviation
acrossworkplaces.Themarginoferror“d” isestimatedwithplus
or minus. Calculation of sample size for the current study





The biomonitoring assessment of isocyanates exposed
workers,groupedasM1,M2,M3,M4andM5,wasdonealongwith
assessmentofairsamplesof the five factories.Thehighestmean
valueofMDIconcentrationwas99μg/m³fromindoorairsamples.
The maximum concentration of MDA measured from worker's
urine in the polyurethane factorieswas 4.0μmol/mol creatinine
and themeanvalueof the5groupswas in the rangeof3.01 to
3.58μmol/molcreatinine forall factories (Table1).The resultsof
urine analysis indicated high exposure with respect to MDI,
because of the lowest concentration ofMDA in their urinewas
2.0μmol/molcreatinine.Thisvaluewashigherthantheguideline





WorkersinFactory Mean SD Minimum Maximum
M1 3.30 0.67 2.0 4.0
M2 3.27 0.42 3.0 4.0
M3 3.23 0.54 2.5 4.0
M4 3.20 0.54 2.0 4.0
M5 3.15 0.72 2.0 4.0

Figure1 shows the box plots of the sampling results for
exposed workers (50 selected workers from 5 factories, 10 per
factory).Thereare2 caseswith short tailsand3 caseswith long






Severalstudiesstated that thepeakexcretionof isocyanates
metabolite occurs at the end of exposure and the initial
eliminationhalf–lifeis2hforMDI.Thissuggeststhaturinesample
collection forbiologicalmonitoring shouldbedoneat theendof
exposure (Brorsonetal.,1990;Brunmarketal.,1995;Tinnerberg
and Sennbro, 2005). Since the urinary half–life is about 2h, the
resultsreflectedthelevelsafter2–4hexposure.Inordertoassess
theMDI concentration in theworkstation, the air sampleswere
collectedfromthepersonalbreathingzone.

Figure2 illustrates the relationshipbetweenairMDI concenͲ
trationsandurinaryMDA concentrations.Similar results from50
samplesareoverlappedandlocatedinto16pointsinthegraph.A
positive and linear relationship betweenworkplace air pollutant
andmetaboliteurineconcentrationswasobtained.Nobackground
MDAwasdetected in theworkers and the relationship validates
MDAasan initial indicatorofaprecedingexposureofworkersto
MDIwithR2=0.801.











It shows that a group of workers involved in refrigerator and
freezer injectorshad the lowestMDIexposure (72.11ʅg/m3)and
alsothe lowestMDAconcentration intheirurineat2.0ʅmol/mol
creatinine.Ontheotherhand,agroupofworkersinvolvinginrigid




The resultsofMDIconcentrations in theairandMDA in the
urinesamples taken fromworkerswerecorrelatedasalsoshown
in Table2. It can be seen thatMDI concentration in the air is
directlyrelatedtoMDAconcentrationintheurineofworkerswith
a Pearson correlation coefficient at r=0.895 and the significance
level is lessthan0.001.ThismeansthatastheMDIconcentration
in theairof the factories increase, theMDA level in theurineof
workersalsoincrease.

















The regressionmodel forMDI andMDA indicates that the
valueofR2is0.801.ThismeansthattheexposuretoMDIpollution




these data F is 193.146,which is significant at P<0.05. Thus the








Constant Ͳ0.532 0.293 Ͳ1.819 0.075
MDI
Concentration 0.047 0.003 13.898 0.0001
Regression MeanSquares  F 







FromTable3,B0 is–0.532andB1 is0.047. InthismodelB0 is
rather small inmagnitude, theBovalue canbe ignoredbutB1 is
significant inmodel (P<0.05). Thepredictive relationship forMDI










The urinary methylene diamine was used as an indicator of
preceding exposure to MDI. In that study, the level of MDA
concentrationvaried from1.0 to50μmol/mol creatinineand the




than those found in some other studies (Rosenberg and
Savolainen,1986;Littorinetal.,2000).RosenbergandSavolainen
(1986)havereportedameanvalueofMDAbytheendoftheshift
as 10ʅmol/mol creatinine after exposure toMDI. Littorin et al.
(2000)havemeasuredavalueof20ʅmol/molcreatinine forMDI
exposure at the same concentration from a separate survey of
workers.
A study was conducted in motor vehicle repair–shop by
Williams et al. (1999) related to the isocyanates exposure. The
study showed that spraying isocyanateswithoutexposure to the
workerswaspossibleifPREandsuitableextractionwereprovided
but their resultsalso suggest thatexposureoccurreddespite the
useofsuchprecautions.

Other studies have shown that measurement of MDA in
hydrolyzedurinecandetectexposure toMDIat levelsbelow the
detectionlimitforairmonitoring(Schutzeetal.,1995;Sepaietal.,




sum of free MDA and acetyl–MDA suggesting the presence of
other adducts/conjugates. Kaaria et al. (2001) reports detecting
MDAinurinefrom97%ofworkers(n=57)exposedtoMDImolding
rigid polyurethane foam even thoughMDI in airwas below the
detectionlimitofmethodfor67%oftheworkers.

The present study showed that polyurethane workers had
concentrations of diisocyanates metabolite higher than the
guidance value (>1.0μmol/mol creatinine). The resultswere low




The obtained model is a statistically significant predictive
model to estimate the indoor air pollution, based on exposed
workersurineanalysiswithemphasisonmetaboliteofMDI.This
conclusion is similar to the resultsofaprevious studyconducted
byMaitreetal.(1993)byusingdifferentisomerofisocyanateand
a log regression modeling. Maitre et al. (1993) reported the
metabolite of TDI in the urine may be an indicator of the
percutaneous contact; they studied on diisocyanate in a polyuͲ
rethane factory to investigate the amine excretion in the urine
using linear regression. The linear regression equationofurinary
TDA obtained as a function of exposure to TDI (x) was: log
(y)=0.5795 log (x)+0.3278, r2=0.83. Other researchers have also
usedregressionmodelstopredict indoorairpollution(Matysiket
al., 2010)with an emphasis on variation of indoor and outdoor
exposuretovolatileorganiccompounds.

One of the biomonitoring for exposed workers in the
polyurethanefactories istheevaluationof isocyanatemetabolites
in urine of workers. Thus diisocyanate metabolite (MDA) in
hydrolyzedurinemaybeusedasan indicatorofexposureovera
work–shift. Some useful relationships between levels in air and
urinehavebeenpresented for TDI,HDI andMDI (asmonomeric
diisocyanates)(Brorssonetal.,1990;Daleneetal.,1990;Maitreet
al.,1993;Schutzeetal.,1995;Sepaietal.,1995;Lindetal.,1996;
Maitre et al., 1996; Lind et al., 1997; Tinnerberg et al., 1997;
Williamsetal.,1999;Engstrometal.,2001;Jonesetal.,2005).

Metabolites of diisocyanates in hydrolysed plasma and/or
hemoglobincanbeusedasanindicatorofaccumulateddoseover




et al., 2000). Biomarkers can be used for inter– and intra–
individual comparisonsand for time–trend studies.They canalso
be used for studies on the effects of personal protection
equipmentbutatpresenttheycannotbeusedfortheassessment





The results obtained in the present study are similar to the
results of study conducted by Tiljander et al. (1989) that the
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determination of 4,4–methylenedianiline in hydrolysed human
urine of workers exposed to isocyanates was done using
derivatizationandcapillarygaschromatographywithselected ion
monitoring.TheresultsbyCocker(2011),reportingthatbiological
monitoring as a tool to assess exposure and the efficacy of
controls, iswell–matchedwith the findingsof thepresent study.
The results of the present are also similar to those reported by





individual parameters of contributed subjects. The results of the
presentstudyillustratedthatbiologicalmonitoringcanbeauseful





Itwas shown that urinaryMDA is detectable followingMDI
exposure.UrinaryMDAconcentrationoftheworkerswasfoundto
belinearlyrelatedtoMDIconcentrationintheairofthefactories.
As a conclusion, this study demonstrates that not only urinary
diisocyanates are detectable following diisocyanates aerosol
exposurebutalso it is likely tobeausefulpracticalbiomarker to
monitordiisocyanatesexposure in theworkplaceor forepidemiͲ
ologic studies.There isaneed for future studiesamongworkers
with lowexposureto isocyanatesonthe incidenceof isocyanate–
relatedsymptomsand lung functionchangesunderconsideration
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